Introduction
The Antiretroviral Treatment (ART) seeks suppression of viremia in patients infected with Human Immunodeficiency Virus (HIV) [1] - [4] . The effect of ART suppressing HIV replication is measured by the monitoring of plasma Viral Load (VL), specially looking at treatment adherence or failure. Thus we speak of therapeutic success when the VL is undetectable or below the limit of detection (<20 -100 copies/ml) [1] - [4] . In its guide to the treatment of People Living with HIV (PLHIV) published in 2010, the World Health Organization (WHO) recommends measuring the VL as a key marker in monitoring of patients [4] .
Several techniques are commercially available for the determination of VL using the principles of amplification and quantification of a specific region of Ribonucleic Acid (RNA) and complementary Deoxyribonucleic Acid (cDNA) [4] [5] . In addition, several other experimental techniques, called "in-house", have been developed to overcome the cost problems associated with techniques that are not marketed for use by low-income countries [4] - [8] . Several studies have compared different commercial and in-house assays, and non-significant differences have been related to the genetic diversity of HIV type 1 [6] - [9] .
In-house assays are developed, and they can be improved according to the resources available in the laboratories. But it is of good practice that these assays should be validated with a panel of different subtypes of HIV-1. The objective of this study was to compare the results of VL samples of HIV-1 non-B obtained with an in-house assay and the COBAS AmpliPrep/TaqMan version 2.0 system.
Methodology

Samples
In this cross-sectional study, 39 plasma samples from patients infected with HIV type 1 non-B from N'Djamena (5 samples) and Kinshasa (34 samples) were included. All sera were chosen randomly from the panel of samples available. They were previously diagnosed for HIV-1 in the respective centers of origin by Rapid Diagnostic Tests. The aim of this study was to determine Viral Loads (VL) using the COBAS AmpliPrep/TaqMan HIV-1 (version 2.0) and compare the results with those given by an in-house Quantitative Real-Time PCR previously described in the literature [7] [8] .
All manipulations were carried out in the AIDS Reference Laboratory of the University Hospital of Liège (LRS CHU-ULg). The VLs were run in duplicate and only the mean values were used for statistics.
COBAS AmpliPrep/TaqMan
The COBAS AmpliPrep/TaqMan system 2.0 is a closed automated system that extracts the RNA from a volume of 1.0 ml and amplifies it by targeting simultaneously a portion of the gag region and the Long Terminal Repeat (LTR) of the virus. The samples with less than 1.0 ml of plasma were diluted by half and one tenth of the original volume in the sample obtained, using negative plasma to bring the total volume to 1.0 ml tube. The dilution factor was taken into account for the interpretation of the results.
Once the sample is introduced into the automated system, the process of extraction, amplification and detection of the nucleic acids takes place automatically in a closed system. The COBAS AmpliPrep/TaqMan is based on 3 principles: 1) sample preparation for extraction of the RNA of the HIV Type 1, 2) execution of a Reverse Transcriptase PCR (RT-PCR) to generate a complementary Deoxyribose Nucleic Acid (cDNA), and 3) amplification of the cDNA with specific oligonucleotides.
In-House Quantitative Real-Time PCR
The RNA extraction was performed on 140 μl of plasma using the QIAamp RNA Mini Kit QIAGEN ® kit for RNA extraction with a final elution volume of 60 μl [10] . After extraction, a Real-Time Quantitative PCR (qPCR) was performed according to protocols previously described [7] [8] . This qPCR has a Reverse Transcriptase PCR (RT-PCR) followed by quantification. The primers used were as followed: HIV1MGForward (5'-GCCTCAATAAAGCTTGCCTTGA-3'), HIV1MGReverse (5'-GGCGCCACTGCTAGAGATTTT-3') and the TaqManprobe was HIV1MGProbe FAM with Black Hole Quencher (5'-AAGTAGTGTGTGCCCGTCTGT TRTKTGACT-3'BHQ1) with the enzyme TaqMan One-Step. The region targeted by the PCR is part of the LTR which is the region described more or less protected from the genome of HIV type 1 [7] [9]. The calibration curve was plotted with commercial plasma controls previously quantified from 10 2 to 10 7 copies of viral RNA by an increment of a logarithm of 10 (#94-2013 AcroMetrix Control Panel). The qPCR were performed on ABI ® 7500 Fast Real-Time PCR System from Applied Biosystems (ABS).
Sequencing and Subtyping
The sequences of the Protease and Reverse Transcriptase (RT) were obtained using an "in-house" assay previously described by Steegen [11] . This technic was previously applied to determine the various strains of HIV-1 circulating in N'Djamena [12] and Kinshasa [13] . The pairing of sense and antisense sequences was performed with the software Vector NTI Advance ® 11.5 (Invitrogen, Life Technologies) and compared with the database of Stanford University (hivdb.stanford.edu) for the identification of sub-types HIV-1 [14] .
Statistics
The statistical test Chi-square was used for qualitative variables and Student's t test for quantitative variables. The level of significance (p) was used for the probability of p < 0.05 (95% CI). Any difference of more than 0.5 log 10 is considered significant for the comparison of values of VL [15] .
Results
Thirty nine (39) plasma samples were analyzed simultaneously for determination of Viral Load (VL) by the COBAS AmpliPrep/TaqMan and "in-house" assays.
The average values of VL are respectively 4.68 ± 1.26 and 4.58 ± 1.33 log 10 copies/ml for the COBAS AmpliPrep/TaqMan technology and the in-house ( Table 1) . The difference of the results from the two techniques are not significant, the VL found using both techniques are very similar (p <0.001).
The margin of 0.5 log 10 was used to assess differences between the results of two techniques. The dispersion of values is constant for both techniques; it varies from −1.13 to 0.57 log 10 RNA copies/ml (Figure 1) . The negative values indicate a higher value of the COBAS while the positive values indicate a higher value of the in-house assay for the VL. For 4 samples (10.25%), the difference between the 2 techniques is significant; it is greater than 0.50 log 10 . But only 1 sample (2.56%) had a value greater than the margin of 1.00 log 10 . The correlation (Spearman Correlation) found is high, with a coefficient (R2) of 0.9452 (Figure 2) .
The subtypes found in the samples are respectively: A (23.1%), G (17.9%), CRF02_AG (17.9%), C (7.7%), D (7.7%), H (7.7%), K (7.7%), F (5.1%), CRF01_AE (2.6%) and J (2.6%) (Figure 3 ).
Discussion
In this study, the performance of the COBAS AmpliPrep/TaqMan for determining the Viral Load (VL) of HIV type 1 was compared with that of an in-house Quantitative Real-Time PCR for non-B variants. Several alternative methods have been evaluated in recent years in order to make the VL determination available in countries with limited resources [5] - [9] . Concordant and comparable results have been published by various teams on various other techniques available for determining the VL for HIV-1 subtype B [5] - [9] . The results of this study demonstrate that both techniques give similar results for the determination of the VL for the non-B strains of HIV-1 after quantification of the viral RNA. The "in-house" assay targets a portion of the region of the LTR while the COBAS system simultaneously targets a portion of the gag region of the LTR. The results of this study confirm what has been previously published on these techniques with subtype B [5] - [9] . Over 89% of VL determined using the COBAS are identical to the results determined by the in-house assay. The coefficient (R 2 ) found for the correlation (Spearman Correlation) is strong, it is of 0.9452. These results are consistent with those found in previous studies with subtype B [5] [7] [8] . This support the use of this "in-house" assay in resource limited settings.
Only 4 samples had discordant VL with the 2 techniques used. Indeed, two samples of subtype K (−1.13) and C (−0.56) were overestimated by the COBAS AmpliPrep/TaqMan and two others, subtype G (0.57) and A (0.57), were overestimated by the in-house assay. The 4 discordant samples were rerun and the same results were obtained by both techniques. These differences in VLs are not correlated with variants type of HIV-1. They can be caused by operational errors or technical errors. It's hard to blame the different variants for discordant VL. Studies with this in-house assay did not refer to the genetic diversity of HIV. Hence the need to conduct another study with a larger sample based on genetic diversity.
Of the 39 samples, the subtype A (23.1%) is dominant, followed by G (17.9%), CRF02_AG (17.9%), C (7.7%), D (7.7%), H (7.7%), K (7.7%), F (5.1%), CRF01_AE (2.6%) and J (2.6%). These results are consistent with published data on the various African variants [16] [17] . In the Democratic Republic of Congo (DRC), the strains most frequently reported until 2012 are A (34.3%), G (17.3%), D (11.2%) [18] . In 2014, it was reported a strong presence of recombinant forms CRF02_AG (11.1%) in Kinshasa [13] . In Chad, J strains (30.2%), G (16.3%), A (9.30%) and recombinant forms CRF02-AG (30.2%) are dominant among People Living with HIV (PLHIV) [12] .
The COBAS AmpliPrep/TaqMan HIV-1 Version 2.0 is a fully closed automated system. This automated system uses only the appropriate kits for machine and requires limited technical expertise. The technical staff is reduced with the use of this system, which reduces technical errors caused by mishandling. For cons, the purchase price for the kits is the major problem because countries with limited resources have reduced funding committed to the fight against HIV/AIDS [19] .
The in-house assay used in this study was developed as a less expensive alternative for the quantification of viral RNA for countries with limited resources [7] [8] . It requires suitable premises for the various steps of handling, and competent and well trained personnel for the various handling. Nevertheless, it has advantages for laboratories in these countries. Out of its reliability and repeatability, it turns out a fairly simple technology. The reagents are cheaper and can be purchased separately based on the best offer on the market.
The Laboratories of Molecular Biology, of the Faculty of Medicine, at the University of Kinshasa (UNIKIN) have the right equipment to implement this "in-house" assay for the determination of VL in patients with HIV infection in Kinshasa. This technique is currently used for research in the Laboratory.
Conclusion
Our study demonstrates that there is no significant difference between the results of Viral Loads (VL) determined by the COBAS AmpliPrep/TaqMan technology and the in-house technique used. It can be recommended for countries with limited resources in terms of its feasibility, low technical needs and low cost. However, each requires a deep assessment before being implemented by qualified personnel. Further research is needed to determine the involvement of different subtypes in determining the VL.
